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 Abstract
Cryptococcus neoformans is the causative agent of pulmonary cryptococcosis and cryptococcal meningoencephalitis, which are
major clinical manifestations in immunosuppressed patients. In the present study, a surface ATPase (ecto-ATPase) was identiﬁed
in C. neoformans yeast cells. Intact yeasts hydrolyzed adenosine-5 0-triphosphate (ATP) at a rate of 29.36 ± 3.36 nmol Pi/h · 108
cells. In the presence of 5 mM MgCl2, this activity was enhanced around 70 times, and an apparent Km for Mg-ATP corresponding
to 0.61 mM was determined. Inhibitors of phosphatases, mitochondrial Mg2+-ATPases, V-ATPases, Na+-ATPases or P-ATPases
had no eﬀect on the cryptococcal ATPase, but extracellular impermeant compounds reduced enzyme activity in living cells. ATP
was the best substrate for the cryptococcal ecto-enzyme, but it also eﬃciently hydrolyzed inosine 5 0-triphosphate (ITP), cytidine
5 0-triphosphate (CTP), guanosine 5 0-triphosphate (GTP) and uridine-5 0-triphosphate (UTP). In the presence of ATP, C. neoformans
became less susceptible to the antifungal action of ﬂuconazole. Our results are indicative of the occurrence of a C. neoformans ecto-
ATPase that may have a role in fungal physiology.
 2005 Federation of European Microbiological Societies. Published by Elsevier B.V. All rights reserved.
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Cryptococcus neoformans is a pathogenic fungus com-
monly associated with systemic disease in immunocom-
promised hosts. Cryptococcal infection is usually
acquired by inhalation of fungal cells [1] and it can be
limited to the lung or disseminate to the central nervous
system, causing meningoencephalitis. The search for1567-1356/$22.00  2005 Federation of European Microbiological Societies
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E-mail address: meyer@bioqmed.ufrj.br (J.R. Meyer-Fernandes).new cryptococcal properties with relevant physiological
roles is of crucial relevance, because the current anti-
fungal therapy against C. neoformans does not seem to
eradicate the cryptococcal infection within the human
host [2]. Additionally, infection recurrence and resis-
tance to antifungal agents are emerging [3].
Cell surfaces contain enzymes whose active sites are in
contact with the extracellular environment. The activities
of these enzymes, referred to as ecto-enzymes, can be
measured using intact cells [4–9]. This class of enzymes in-
cludes surface ATPases (ecto-ATPases), which are trans-
membrane glycoproteins that hydrolyze extracellular. Published by Elsevier B.V. All rights reserved.
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 nucleoside tri- and/or diphosphates. Ecto-ATPases,
which are also known as E-type ATPases [10], are
divalent, cation-dependent, and insensitive to inhibitors
of P-type, F-type, and V-type ATPases [11–13]. They
are involved in the protection of cytolytic eﬀects of extra-
cellular ATP or ATP analogs demonstrated previously in
diﬀerent cell types [14–16], regulation of ectokinase
substrate concentration [10], termination of purinergic
signaling [17,18], regulation of signal transduction
[19–21], and mediation of cell adhesion [22–26]. In addi-
tion, ecto-ATPase activity seems to contribute to drug
resistance in plant and yeast cells [27].
There is in the current literature a limited body of
information about bioactive molecules composing the
cell surface of C. neoformans. Surface structures of
C. neoformans such as capsular and cell wall polysaccha-
rides [28], melanin [29], glycolipids [30], and sialic acids
[31] have been studied in detail, but cell surface enzymes
with potential involvement in fungal physiology are
poorly known. Here, we describe that encapsulated
C. neoformans cells express a surface ATPases whose
activity is positivelymodulated byMg2+, in a dose-depen-
dent fashion. The potential relevance of this enzyme to the
fungal physiology is discussed. by guest on June 2, 2016
m
syr.oxfordjournals.org/2. Materials and methods
2.1. Culture methods
C. neoformans strain HEC3393 (serotype A, clinical
isolate) was obtained from Laborato´rio de Micologia
Me´dica, Hospital Evandro Chagas, FIOCRUZ, Rio de
Janeiro, Brazil. Stock cultures were maintained on Sab-
ouraud dextrose agar under mineral oil and kept at 4 C.
For measurements of enzyme activity, C. neoformans
cells were cultivated for 24 h in brain heart infusion
(BHI) with shaking at room temperature, then separated
by centrifugation and washed twice in 0.01-M phos-
phate-buﬀered saline (PBS), pH 7.2. Cell growth was
estimated by counting the number of yeasts in a
Neubauer chamber. Cellular viability was assessed,
before and after incubations, by Trypan blue dye exclu-
sion. For Trypan staining the cells were incubated in the
presence of 0.01% Trypan blue for 10 min in the buﬀer
used in each experiment [32]. The viability was not
aﬀected under the conditions employed here.2.2. Ecto-ATPase activity measurements
Intact cellswere incubated for 1 hat 30 C in 0.5 ml of a
mixture containing, unless otherwise speciﬁed, 116.0 mM
NaCl, 5.4 mMKCl, 5.5 mM D-glucose, 50.0 mMHepes–
Tris buﬀer, pH 7.2, 5.0 mM adenosine-5 0-triphosphate
(ATP), and 1.0 · 108 cells ml1, in the absence or in the
presence of 5.0 mM MgCl2. The Mg
2+-stimulated ecto-ATPase activity was calculated from the total activity
measured in the presence of 5 mMMgCl2 minus the basal
activity, which was measured in the absence of MgCl2.
The ATPase activity was determined by measuring the
hydrolysis of [c-32P]ATP (104 Bq/nmol ATP) [33]. The
experiments were started by the addition of living cells
and terminated by the addition of 1.0 ml of a coldmixture
containing 25% charcoal in 1.0 M HCl. The tubes were
then centrifuged at 1500g for 10 min at 4 C. Aliquots
(0.5 ml) of the supernatants containing the released 32Pi
were transferred to scintillation vials containing 9.0 ml
of scintillation ﬂuid. The ATPase activity was calculated
by subtracting the nonspeciﬁc ATP hydrolysis measured
in the absence of cells. The hydrolysis of ATP was linear
with time under the assay conditions used and was found
to be proportional to the cell number. In the experiments
where adenosine 5 0-di or monophosphate (ADP and
AMP, respectively), inosine 5 0-triphosphate (ITP), cyti-
dine 5 0-triphosphate (CTP), guanosine 5 0-triphosphate
(GTP) and uridine-5 0-triphosphate (UTP) were used,
the hydrolytic activities measured used the same condi-
tions as described above, and were assayed spectrophoto-
metrically by measuring the release of Pi from the
nucleotides. The values obtained for ATPase activities
measured using both methods (i.e., spectrophotometry
and radioactivity) were exactly the same. In the experi-
ments where high concentrations of Mn2+, Ca2+ and
Sr2+ were tested, possible formation of precipitates was
checked as described previously [34]. In the reactionmed-
ia containing 50 mM Hepes pH 7.2, 116 mM NaCl,
5.4 mM KCl, 5.5 mM D-glucose and 5 mM ATP, no
phosphate precipitates were observed in the presence of
these cations under the conditions employed.2.3. Phosphatase measurements
In addition to themeasurements of ecto-ATPase activ-
ity, the ecto-p-nitrophenylphosphatase activity was deter-
mined using the samemedium as that for ATP hydrolysis,
except that ATP was replaced by 5.0 mM p-nitrophenyl-
phosphate (p-NPP). The reaction was determined spec-
trophotometrically at 425.0 nm using an extinction
coeﬃcient of 14.3 · 103 M1 cm1 [35].2.4. Inﬂuence of ecto-ATPase substrate on the
susceptibility of C. neoformans to ﬂuconazole
Cryptococcal yeasts (104 cells) were suspended in 50 ll
of a minimal medium (pH 5.5) containing dextrose
(15 mM), MgSO4 (10 mM), KH2PO4 (29.4 mM), glycine
(13 mM), and thiamine–HCl (3 lM).UsingU-shaped 96-
well plates, this suspension was mixed with 50 ll of the
same medium containing ﬂuconazole, in concentrations
varying from 0 to 8 lg ml1. Alternatively, the culture
medium was supplemented with 1 mM ATP. After 48 h
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 of cultivation at room temperature, the minimum
inhibitory concentrations (MIC) of ﬂuconazole in the
diﬀerent conditions were determined visually. Growth
of C. neoformans was not aﬀected by ATP alone (data
not shown). Experiments were performed in triplicate sets
and were reproduced at least three times, producing iden-
tical values of MIC.
2.5. Statistical analysis
All experiments were performed in triplicates, with
similar results obtained in at least three separate cell sus-
pensions. Apparent Km and Vmax values were calculated
using an iterative nonlinear regression analysis of the
data to the Michaelis–Menten equation [36]. Statistical
signiﬁcances were determined by using the Students t
test. Values of P < 0.05 were considered as signiﬁcant.
2.6. Chemicals
All reagents were purchased from E. Merck (D-6100
Darmstadt, Germany) or Sigma Chemical Co. (St.
Louis, MO, USA). [c32P] ATP was prepared as
described by Glynn and Chappell [37]. Distilled water
was deionized using a MilliQ system of resins (Millipore
Corp., Bedford, MA, USA) and was used in the prepa-
ration of all solutions. Concentrations of free and
complexed species (Mg2+, ATP4 and MgATP2) at
equilibrium were calculated by using an iterative com-
puter program that was modiﬁed [38] from that
described by Fabiato and Fabiato [39].y guest on June 2, 2013. Results
Intact yeast cells of C. neoformans hydrolyzed ATP at
pH 7.2, at a rate of 29.36 ± 3.36 nmol Pi/h · 108 cells.Fig. 1. Stimulation of the ecto-ATPase activity in C. neoformans by divalent
activities in intact cells of C. neoformans. Cells were incubated for 1 h at 30 C
pH 7.2, 116 mM NaCl, 5.4 mM KCl, 5.5 mM D-glucose, and 5 mM Tris-AT
the ions described in the ﬁgure were added at a ﬁnal concentration of 5 mM.
avoid cation interference. Asterisks denote signiﬁcant diﬀerences (P < 0.05) a
Mg2+, the most eﬀective stimulator, enhanced enzyme activity in a dose-depe
the conditions described in (a). (c) Km determination. Experiments were
supplemented with varying concentrations of Mg2+ and ATP. The curve rep
Michaelis–Menten equation as described in Section 2. Data are means ± staThe hydrolysis of ATP by living yeast cells was indica-
tive of the occurrence of a surface-associated ATPase
(ecto-ATPase) activity in cryptococci.
Ecto-ATPases are usually activated by divalent cat-
ions, such as Ca2+ and Mg2+. Therefore, we evaluated
whether the ecto-ATPase activity observed in C. neofor-
mans was inﬂuenced by the addition of such ionic com-
ponents. At pH 7.2, the addition of 5 mM MgCl2
stimulated the hydrolysis of ATP. The diﬀerence be-
tween the enzyme activity measured in the presence of
5 mMMgCl2 minus the basal ecto-ATPase activity mea-
sured in the presence of 1 mM EDTA resulted in a rate
of ATP hydrolysis corresponding to 258.55 ± 23.9 nmol
Pi/h · 108 cells (Fig. 1). To check whether ATP hydroly-
sis was a consequence of enzyme secretion, ATPase
activity was also measured in supernatant ﬂuids from
a yeast cell suspension incubated previously using the
same conditions as described above, except for the pres-
ence of ATP. Supernatants were collected by centrifuga-
tion and tested for ATPase activity. These ﬂuids failed
to hydrolyze ATP either in the absence or in the
presence of MgCl2 (data not shown). Therefore, our
observations ruled out the possibility that the ATPase
activity described here could be from lysed C. neofor-
mans cells.
The inﬂuence of other divalent cations on the cryp-
tococcal ATPase activity was evaluated by the determi-
nation of the rate of ATP hydrolysis in the presence of
CaCl2, MnCl2, ZnCl2 and SrCl2. As shown in Fig. 1(a),
Mn2+, Zn2+, and Ca2+ stimulated the surface ATPase
activity, while Sr2+ did not. Mg2+, the most eﬃcient
stimulator of the cryptococcal ATPase activity, posi-
tively modulated the enzyme activity in a dose-depen-
dent manner (Fig. 1(b)). At 5 mM ATP, half
maximal stimulation of ATP hydrolysis was obtained
in the presence of 0.98 mM MgCl2, and an apparent
Km for Mg-ATP corresponding to 0.61 mM wascations. (a) Inﬂuence of diﬀerent divalent cations on the ecto-ATPase
in a reaction medium (control) containing 50 mM Hepes–Tris buﬀer,
P (c-32P) ATP (speciﬁc activity = 104 Bq/nmol ATP). Chloride salts of
Alternatively, the medium was supplemented with EDTA, in order to
fter comparison with the enzyme activity in the presence of EDTA. (b)
ndent pattern, as determined after incubation of living yeast cells under
performed under the conditions described in (a), in reaction media
resents the ﬁt of experimental data by nonlinear regression using the
ndard errors of three determinations with diﬀerent cell suspensions.
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Ddetermined (Fig. 1(c)). Based on these results, all the
following experiments were performed in the presence
of 5 mM Mg2+.
A linear time course proﬁle was obtained when 108
C. neoformans cells were incubated with ATP, in the
presence of Mg2+, for periods varying from 5 to
60 min (Fig. 2(a)). The density of the cell suspension
inﬂuenced ATP hydrolysis in a similar manner (Fig.
2(b)). All these experiments were performed with intact
yeast cells, suggesting that the described Mg2+-stimu-
lated ATPase is an ectoenzyme. This hypothesis was
investigated following previous deﬁnitions of ectoen-
zymes which, according to several authors [40–43], are
inhibited by extracellular impermeable inhibitors.
To conﬁrm the hypothesis stated above, ATP hydro-
lysis by cryptococci was performed in the presence of the
inhibitors 4,4 0-diisothiocyanostylbene 2 0,2 0-disulfonicFig. 2. Eﬀects of time course (a) and cell density inﬂuence (b) on the Mg2+-
were incubated for diﬀerent periods of time (a) or for a ﬁxed period of 1 h (b) a
with 5 mM MgCl2. Data are means ± SE of three determinations with diﬀer
Fig. 3. Eﬀect of increasing concentrations of 4,4 0-diisothiocyanostylbene 2 0,
ecto-ATPase activity of intact cells of C. neoformans. Yeast cells were incuba
supplemented with 5.0 mM MgCl2 and increasing concentrations of th
determinations with diﬀerent cell suspensions.acid (DIDS) and suramin, which is also an antagonist
of P2-purinergic receptors [44,45]. As shown in Fig. 3,
the Mg2+-stimulated ecto-ATPase activity of C. neofor-
mans was similarly inhibited by DIDS and suramin in a
dose-dependent manner, indicating its ecto-enzymatic
nature. In our experimental conditions, these ecto-ATP-
ase inhibitors were unable to inﬂuence yeast growth
(data not shown).
C. neoformans expresses surface acid phosphatases
[46], which could contribute to ATP hydrolysis. To
evaluate whether phosphate release from ATP was inﬂu-
enced by phosphatase activities, diﬀerent experimental
approaches were followed, as presented in Fig. 4 and
Table 1. Phosphatase activity was negatively modulated
by pH increase (Fig. 4(a)). On the other hand, the
Mg2+-stimulated ATPase activity was not aﬀected by
pH variation (Fig. 4(b)). Table 1 shows that sodiumstimulated ecto-ATPase activity of intact cells of C. neoformans. Cells
t 30 C, using the reaction medium described in Fig. 1(a) supplemented
ent cell suspensions.
2 0-disulfonic acid DIDS, (a) and suramin (b) on the Mg2+-stimulated
ted for 1 h at 30 C in the same reaction medium described in Fig. 1(a),
e impermeant ATPase inhibitors. Data are means ± SE of three
 by guest on June 2, 2016
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Fig. 4. Inﬂuence of pH on the ecto-phosphatase (a) or -ATPase (b) activities of intact cells of C. neoformans. Cells were incubated for 1 h at 30 C in
the reaction medium described in Fig. 1(a), adjusted to pH values between 5 and 9 with HCl and Tris, supplemented with 5 mM p-NPP (a) or 5 mM
ATP (b). In this pH range the cells were viable throughout the course of the experiments (data not shown). Data are means ± SE of three
determinations with diﬀerent cell suspensions.
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 ﬂuoride (NaF)andammoniummolybdate ([NH4]6Mo7O24),
two potent inhibitors of acid phosphatases [47–49], had
no eﬀect on ATPase activity. Sodium tartrate and
levamizole, inhibitors of secreted [50] and alkaline [51]
phosphatases, respectively, also failed to inhibit the
ATPhydrolysis catalyzed by intact cells ofC. neoformans.
In addition, the lack of sensitivity to the phosphatase
substrate p-nitrophenylphosphate (p-NPP), indicated
that this enzyme did not contribute to the observed
ATP hydrolysis.Table 1
Determination of the levels of ATP hydrolysis by C. neoformans in the
presence of potential inhibitors of enzyme activity
Compound added Relative activitya
None (control) 100.0 ± 6.3
Levamizole (1.0 mM) 95.4 ± 4.7
Sodium vanadate (1.0 mM) 95.0 ± 11.4
Sodium tartrate (10.0 mM) 85.0 ± 4.7
Sodium ﬂuoride (10.0 mM) 109.9 ± 10.2
Ammonium molybdate (1.0 mM) 99.8 ± 11.6
p-NPP (10 mM) 88.9 ± 6.0
Pi (10.0 mM) 114.4 ± 15.5
Baﬁlomycin A1 (10.0 lM) 92.7 ± 6.8
Sodium azide (10.0 mM) 95.7 ± 6.97
Oligomycin (10.0 lg ml1) 84.0 ± 6.8
Ouabain (1.0 mM) 97.9 ± 4.5
Furosemide (1.0 mM) 91.5 ± 10.2
Dipyridamole (10.0 lM) 93.1 ± 2.6
Concanavalin A (10 lg ml1) 114.4 ± 15.5
a ATPase activity was measured at pH 7.2 using the standard assay
as described in Section 2. The ATPase activity is expressed as the
percentage of that measured under control conditions, i.e., using the
reaction medium in Section 2 supplemented with 5 mM MgCl2
(248.9 ± 23.5 nmol Pi/h · 108 cells, 100%). The standard errors were
calculated from the absolute activity values of three experiments with
diﬀerent cell suspensions and were converted to a percentage of the
control values. In comparison with the control system, none of the
compounds tested induced signiﬁcant diﬀerences (P > 0.05) in ATPase
activities. In the conditions used, none of the externally-added com-
pounds reduced fungal viability.
 by guest on June 2, 2016
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was insensitive to oligomycin and sodium azide, two
inhibitors of mitochondrial Mg2+-ATPases [42]. As
demonstrated in Table 1, similar results were observed
when ATPase activity was determined in the presence
of baﬁlomycin A1 (V-ATPase inhibitor [52]), ouabain
(Na+/K+-ATPase inhibitor [53]), furosemide (Na+-ATPase
inhibitor [54]), sodium vanadate (P-ATPase inhibitor
[55]), inorganic phosphate (Pi, the product of the ATP
hydrolysis reaction), dipyridamole (a nucleoside trans-
porter antagonist [56]), and concanavalin A (activator
of some ecto-ATPases [57,58]).
The ability of the cryptococcal ecto-enzyme to
hydrolyze other nucleotides was also evaluated. Table
2 shows that ATP was the best substrate for the surface
enzyme, although it also eﬃciently hydrolyzed the nucle-
oside 5 0-triphosphates ITP, CTP, GTP and UTP. ADP
and AMP hydrolysis, however, was detected to a much
lesser extent and was not inﬂuenced by MgCl2 (Fig. 5).Table 2
Substrate speciﬁcity of the cryptococcal ATPase
Substrate Relative activity (100%)a
ATP 100.0 ± 10.9
GTP 72.6 ± 8.5
UTP 66.9 ± 6.1
ITP 58.7 ± 6.8
CTP 49.3 ± 3.1
a The ecto-nucleotidase activity was measured at 30 C in a medium
containing the nucleotides listed (5 mM), 50 mM Hepes pH 7.2,
116 mM NaCl, 5.4 mM KCl, 5.5 mM D-glucose, 5.0 mM MgCl2, and
3.0 · 107 cells. ATP hydrolysis (control) was taken as 100%
(260.2 ± 23.3 nmol Pi/h · 108 cells). The standard errors were calcu-
lated from the absolute activity values of three experiments with dif-
ferent cell suspensions and were converted to a percentage of the
control value. In these experiments release of Pi from all nucleotides,
including ATP, was measured using a spectrophotometrical assay as
described in Section 2.
Fig. 5. Hydrolysis of diﬀerent nucleotides by surface enzymes of
C. neoformans in the absence (gray bars) or presence (black bars) of
5 mM MgCl2. Yeasts were incubated for 1 h at 30 C in the reaction
medium described in the legend of Fig. 1(a) supplemented with 5 mM
ATP, ADP or 5 0AMP. In these experiments, ATP hydrolysis was
measured using the same spectrophotometric assay for the detection of
released Pi, as described in Section 2. Data are means ± SE of three
determinations with diﬀerent cell suspensions.
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 This result supported the observation that ammonium
molybdate, a potent inhibitor of 5 0-nucleotidase [59],
did not inhibit enzyme activity (Table 1). The low
AMP and ADP hydrolyses were not inﬂuenced by sura-
min (data not shown). These results indicated that the
surface enzyme described in our experiments is in fact
an ecto-ATPase.
In view of a previous report demonstrating the asso-
ciation between ecto-ATPase activity and drug resis-
tance in plant cells [27], the eﬀects of the enzymes
natural substrate (ATP) on the susceptibility of C. neo-
formans to the standard drug ﬂuconazole were evalu-
ated. For MIC determinations, C. neoformans wasFig. 6. Supplementation of culture media with ATP makes
C. neoformans less susceptible to the antifungal action of ﬂuconazole.
Fungal cells were cultivated in concentrations of ﬂuconazole varying
from 0 to 8 lg ml1 in the presence (+) or in the absence () of ATP.
Minimum inhibitory concentrations were determined visually after
48 h of growth in three independent experiments, which produced the
same results.cultivated with varying concentrations of ﬂuconazole,
in the absence or in the presence of ATP. The MIC
determined for ﬂuconazole alone was 0.25 lg ml1
(Fig. 6). When the medium was supplemented with
1 mM ATP, the MIC increased to 1 lg ml1.est on June 2, 20164. Discussion
Fungal ATPases are still poorly-known surface mole-
cules. In C. neoformans, an H+-ATPase activity has been
characterized in membrane preparations; this enzyme
was identiﬁed as the target for NC1175, an antifungal
styryl ketone [60]. In plants, it has been demonstrated
that extracellular ATP degradation by ecto-ATPases is
directly associated to drug resistance [27]. In this context,
the biochemical characterization of fungal ecto-ATPases
may provide new insights in the search for new alterna-
tives of antimicrobial therapies.
In the present study, a Mg2+-stimulated ecto-ATPase
activity was detected in intact cells of C. neoformans.
The external location of the ATP-hydrolyzing site was
supported by its sensitivity to the membrane imperme-
ant inhibitor DIDS [40–43] and to suramin, which is a
non-competitive inhibitor of ecto-ATPases and an
antagonist of P2 purinoreceptors mediating the physio-
logical functions of extracellular ATP [44,45]. More-
over, a battery of inhibitors for other ATPases that
have intracellular ATP binding sites showed no eﬀect
on the ecto-ATPase activity (Table 1).
The Mg2+-stimulated ATPase activity reported in
this work could not be attributed to a mitochondrial
ATPase, since this activity was insensitive to oligomycin
and sodium azide (Table 1), two well-known F-type
ATPase inhibitors [42]. Since the enzyme activity was
also insensitive to vanadate (Table 1), the occurrence
of a P-type membrane ATPase was discarded. ATP
hydrolysis did not result from a phosphatase activity,
as was demonstrated in Table 1 and Fig. 4, nor a
5 0-nucleotidase, since it was not inhibited by ammonium
molybdate [59]. Taken together, these results support
the proposition that the currently characterized enzyme
activity represents an ecto-ATPase [6,10,42,43,61,62].
This enzyme also hydrolyzed ITP, GTP, CTP and
UTP at high rates, but not ADP.
Ecto-ATPases are possibly involved in cellular adhe-
sion [24–26,42,43]. In addition, a correlation between
ecto-ATPase expression and microbial virulence seems
to occur as well. We have recently demonstrated that
infective stages of Trypanosoma cruzi, the causative
agent of Chagas disease, have higher levels of a
Mg2+-stimulated ecto-ATPase expression, in compari-
son with non-infective forms [7]. Similarly, virulent
promastigotes of Leishmania amazonensis express a
high Mg2+-dependent ecto-ATPase activity, while avir-
ulent forms have reduced levels of enzyme expression
I.C. Junior et al. / FEMS Yeast Research 5 (2005) 899–907 905
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 [43]. In addition, intact non-invasive cells of Entamoeba
histolytica are less eﬃcient in hydrolyzing ATP than
invasive forms [62]. In C. neoformans, it remains un-
known whether ecto-ATPases have an involvement in
processes of microbial adhesion and/or invasion, since
their accessibility to external receptors may be masked
by its capsular polysaccharide. However, the addition
of the ecto-ATPase natural substrate (ATP) to the cul-
ture medium of C. neoformans rendered yeast cells
signiﬁcantly more resistant to the antifungal drug
ﬂuconazole. This result may suggest that ecto-ATPase
activity is a relevant factor regulating the transport of
solutes, which may have an impact on fungal nutrition
and/or drug resistance, as has already been described
in plant cells [27].
In animal cells, several functions of ecto-ATPases
have been proposed including the termination of puri-
nergic signaling, cellular adhesion, vesicular transport,
and purine recycling [10]. Ecto-ATPase genes have been
described in Saccharomyces cerevisiae [63], but there is
no information available about the relevance of ecto-
ATPases in the physiology of fungi. A survey of the
available cDNA sequences of C. neoformans (http://
www.genome.ou.edu/cneo.html) revealed the occur-
rence of sequences with a signiﬁcant similarity to ecto-
ATPases (CD39 antigen-like) from Gallus gallus, Rattus
norvegicus,Mus musculus andHomo sapiens. In this con-
text, our future studies will be focused on the prepara-
tion of cryptococcal yeasts lacking the ability to
express ecto-ATPases, which could represent an excel-
lent model for the evaluation of the roles of ecto-ATP-
ases in fungi.uest on June 2, 2016Acknowledgements
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